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KINETICS OF THE GAS PHASE PYROLYSIS OF CHLORINE PENTAFLUORIDE~ 

by A. E. Axworthy and J. M. S u l l i v a n  

Rocketdyne. A D i v i s i o n  of Nor th  American Rockwell C o r p o r a t i o n  
6633 Canoga Avenue, Canoga Park ,  C a l i f o r n i a  91304 

The k i n e t i c s  of t h e  photochemical fo rma t ion  o f  c h l o r i n e  p e n t a f l u o r i d e  from ClF3 and 
F2 has  been s t u d i e d  r e c e n t l y  by Kr iege r ,  G a t t i ,  and Schumacker.2 
t h e  r e s u l t s  o f  o u r  i n v e s t i g a t i o n  o f  t h e  g a s  phase  the rma l  decomposi t ion  o f  ClF5. 

EXPERIMENTAL 

We r e p o r t  h e r e i n  

,The e l e c t r i c a l l y - h e a t e d  s t i r r e d  f low r e a c t o r  (g l -ml ,  monel) employed is d e s c r i b e d  
e l sewhere .  3,4 
about  1.3$ HF and 0.7% C1F3) w a s  passed  th rough  t h e  r e a c t o r  a t  an i n i t i a l  p a r t i a l  
p r e s s u r e  of 32 mm i n  a m i x t u r e  w i t h  helium. The t o t a l  p r e s s u r e  was 1 atm. The 
r e a c t o r  was equipped w i t h  a by-pass t o  a l low measurement of t h e  ClF5 c o n c e n t r a t i o n  
i n  t h e  e n t e r i n g  gas  stream. 

The g a s e s  l e a v i n g  t h e  r e a c t o r  (or t h e  by-pass) were passed  th rough  a IO-cm n i c k e l  
i n f r a r e d  c e l l  w i t h  AgCl windows. The ClF5 c o n c e n t r a t i o n  was fo l lowed  by measuring 
t h e  absorbance  a t  1 2 . 5  microns.  The f l o w  r a t e s  were measured w i t h  a soap  bubble  
f low meter connec ted  to  t h e  e x i t  s t ream.  The measured f low r a t e s  and reactor volume 
were c o r r e c t e d  t o  r e a c t o r  t empera tu re .  No c o r r e c t i o n  w a s  made f o r  the p a r t i a l  
d i s s o l u t i o n  o f  r e a c t a n t s  and p roduc t s  i n  t h e  s o a p  s o l u t i o n  or f o r  t h e  p re sence  of 
water vapor. 

I n f r a r e d  a n a l y s i s  of t h e  e x i t  g a s  showed ClF3 and ClF5 as the major a b s o r b e r s ,  w i t h  
C1F p r e s e n t  i n  t r a c e  q u a n t i t i e s .  
microns) .  These  r e s u l t s  i n d i c a t e  t h a t  t h e  s t o i c h i o m e t r y  is main ly :  

C h l o r i n e  p e n t a f l u o r i d e  vapor of 98 weight  p e r c e n t  p u r i t y  ( c o n t a i n i n g  

F l u o r i n e  d o e s  n o t  a b s o r b  i n  t h i s  r a n g e  (2-15 

5 ClF5 -. C1F3 + F2 OH = + 18.5 kca l /mole  

RESULTS 

The r e s u l t s  o b t a i n e d  f o r  t h e  thermal  decomposi t ion  o f  ClF5 o v e r  t h e  t empera tu re  
range  252-307O a r e  p r e s e n t e d  i n  Tab le  1. For  a s t i r r e d  f low r e a c t o r ,  t h e  ra te  ' 
c o n s t a n t s  f o r  a s imple  o r d e r ,  s i n g l e - r e a c t a n t  r e a c t i o n  a r e  g i v e n  by t h e  equa t ion :  

kn = ( P " - P ) / ( ~ )  ( 2 )  

where P" and P a r e  t h e  p a r t i a l  p r e s s u r e s ,  r e s p e c t i v e l y ,  o f  r e a c t a n t  e n t e r i n g  and 

1. T h i s  work was suppor t ed  by t h e  Uni ted  S t a t e s  A i r  Force under  C o n t r a c t  No. 

2.  
3. J. M. S u l l i v a n  and T. J. Houser,  Chem. Ind. (London),  1057 (1965).  
4. J. M. S u l l i v a n  and A. E. Axarorthy, J. Phys. Chem., 70,  3366 (1966). 
5. JANAF Thermochemical T a b l e s ,  Q u a r t e r l y  Supplenent  No. 7 .  

AF04( 611)-10544. 
R. L. K r i e g e r ,  R: G a t t i ,  and H. J. Schumacker, Z. Phys. Chem., 51, 240 (1966). 



. .  - ..... I . .- . 

80. 

,caving the reactor,  T i s  t h e  average residence time i n  the reactor,  and n i s  the 
orOer of the reaction.' 
6 plo t  of ab-cy) v s  T ,  where a i s  t h e  f ract ion reacted, should be l inear  with a 
slope equal t o  the r a t e  constant. 
follows f i r s t -order  k ine t i c s  up t o  80$ reaction a t  293O. 
c'stained a t  temgeratures of 29l.5-294.Oo, md corrected t o  293.0' using an activa- 
t i o n  energy of 41 kcal/mole. The r a t e  constant, 1x1 
In Table 1. 
fro3 a ? lo t  of the type shown i n  Figure 1, i s  given i n  the  l a s t  c o l m  of Table 1 
a d  plot ted i n  the Arrhenius fonn i n  Figure 2. 
the Arrhenius expression y i e lds  the l i n e  shown i n  Figure 2 which represents the rate 
expression: 

It can be shown from eq 2 tha t  for  a f i r s t -order  reaction, 

Figure 1 shows t h a t  the  decomposition of ClF5 
"he data  i n  Figure 1 were 

from each experiment i s  l i s t e d  
The best  f i r s t -o rde r  rate constant, klA, a t  each temperature, obtained 

A l e a s t  squares f i t  of the data  t o  

-1 kl = exp(-41,330/RT) sec (3) 

::.e mceytainty i n  ac t iva t ion  energy is about 2 kcal./mole. 

n; -,e ~Lxing requirements f o r  a stirred flow reactor  do not allow a convenient 
3roce5ure f o r  varying widely the  surface-to-volume ra t io ,  but t h e  high values of 
the act ivat ion e n e r a  and preexponential factor  suggest t h a t  the reaction is  h a o -  
geneous i n  nature. 
reactor ,  containing products of reaction, had been allowed t o  s i t  at 280° for  1 
Lonth . 
21scuss10s 

Three possible mechanisms may be wri t ten which are compatible with the observed ra te  
expression, i.e., first order i n  ClF5 with no apparent i nh ib i t i on  as t h e  products 
accwula t e  : 

A )  Unimolecular Elimination of F2 

Also, it w a s  found tha t  the rates were unchanged a f t e r  t h e  

C l F 5  4 CLF3 + F2 

B) Non Chain Radical Mechanism 

CLr5 0 CLF4 + F 
C1F4 0 ClF3 + F 
F + F + M -. F2 + M 

C) Long Chain Radical Mechanism 

C h F 5  - clP4 + F 

CL"4 0 ClF3 + F 
F + Clr 5 -. C l F 4  + F2 

F + ClF4 0 CLF3 + F2 

"he long chain mechanism (C) may be questioned on the bagis of the observed r a t e  
parameters A and Z. Mechanism (C) requires that 

1 
A = (!*)+ and E P &(E5 + E6 + ET - E$ 

?he A fac tors  for the  1 - d i v i d p  s teps  can be estimated fran the generalizations 
yoposed by Benson aad Demore . nus, 

0. S. W. 3,enson anC Y. 3. Sezore, Ann. Rev. Phys. Chem., 16,426 (1965). 
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dasel-ved v d x e  of 7 9 are assunecl e q u d  to  + E-7, where AHo i s  
the  heat of reaction f o r  Cg; C1F3 + 2r" (&Yo = 57 KCal/mole) 
IS t'ce nczivstion energy fo r  the reverse of reection (7). Semenov's 

gives 9-7 = 2.5 :(Cal/xole and 36 = 11.0 KCal/n;ole. The raciical-rGdic& 

x a c t l o n s  (-5) =&(a)' are assmeri t o  have zero ac t ive t ion  energies. 
Z = i(57.0 + 2.5 + 11.0-0)- 35 KCal/aole. 
GbserveL value of h . 3  KCal/nole and suggests t h z t  the  long chain mechanism (C) 

Therefore 
T h i s  value i s  somewhat lower t h m  the 

-.. +obaiLy i s  zot inportant i n  the  decomposition of CWs. 

c _  u.7;'ortmztely the  data do not allow e choice t o  be nade between the molecular 
i l lmination mechanis-3 ( A )  za8 the  non chain mechanism (B). Thermochemical data 

f o r  the  reverse of reaction (4). Therefore, give Keq = 10 -~.a5~;+ 

U +  = 105-8 e-(-22,&0/i~) liter/mole sec. 
r.ot unreasonable fo r  a bko lecu la r  reaction. 
reaction (A)  camot  be eliminated. 

If the  non chain rad ica l  mech&nisn (B)  i s  correct,  then the measured activation 
energy, h0.3 XCal/mole, i s  equal t o  the bond dissociation energy f o r  the f i r s t  C1-F 
bond i n  C1? Tnis value seems reasonable since the  average bond enerfg i n  C l F 5  i s  
j6 i ~ a l / ~ O i e 5 ' 5 .  
by the  generalization of Benson and DeNore6 f un inoleculy  
reactions involving the  s p l i t t i n g  off of atms are i n  the  range of 10'' t o  1015sec- . 
It now remains t o  discuss the  recent photochemical investigation by Krieger e t  a l e  

clF3 ana T2 (365 su, 16-70') 

The A fac tor  105-8 l i t e r /no le  sec is  
fience, the nolecular elimination 

Further support f o r  the non chain rad ica l  mechanism is given 
t h a t  the  A f ac to r  

2 
They studieC tne  k ine t ics  of the  photochemical formation of C l F 5  from 

an8 obtained the complex r a t e  expression: 

, 
5 e i r  sonewhat unllsual nechanisn involves the  formation of an activated ClF5 molecule 
which can (1) be co l l i s iona l ly  ceactivzted t o  CW5, (2) reac t  d i r ec t ly  with C1F3 t o  
,Corn 2 C F 4  raLicals, or  (3) +it in to  CU4 + F. In order t o  explain t h e i r  observed 
r e su l t s  (quantum yield aependent on ine r t  gas pressure and on ClF3 pressure), a l l  
*- "r-ee 1 

zents. 
of these processes nust occur t o  an appreciable extent i n  each of t h e i r  experl- 

PI,. L..cse pLotochezica1 results indicate t h a t  the C P 5  activatec? nolecule decomposes 
r.oze r a p i ~ f  thazz c l a s s i ca l  theory would predict. 
of CL75 stould be press'ure ciependent and accelerated by the  presence of the  product 
CLT2. 

Also, the  thermal decomposition 

,7- -..e tkezzial &:..d -,hotoche-;lical resfits can be shown t o  be compatible i n  two ways. 
-._."..A i.. caz bc calculated from the  photochemical rate constaqts t h a t  the  accel- 
e.-3*-.- - e f fec t  0:' C l l 3  w o i i a  not be suf f ic ien t  t o  appreciably affect the  f i r s t -order  
plot shoi.3 I n  Fig. 1. 

at  various t o t a l  pressures t o  determine i f  the decomposition is dependent on the  
Therclal experiments would have t o  be run with added CLF3 and 

. . I "li Y. - .- . 

7. :;. :;. Sc~anov, "Sozle I ro3iess  i n  Chemical Kinetics ana Reactivity," Volune I, 
princeton University ? r e s ,  Princeton, New Jersey, 1958, P 29. 



If it ~ 3 ~ 7 s  o ~ t  Y'2t t he  t h e r m 1  decoz.sosi%ion r a t e  i s  waf rec t ed  by edcied CL73 
i-ert  scses,  ir; c o d d  be L-guet t h a t  t h e  ac t iva ted  conplex i n  the  photo- 

c'-cT' .. ..-Lu- m - 1  ' . . C - .  . ,-,tion cir'.'e?s i n  everage energy f r o n  the  them,ally-forrr.ea nctivatea 
cc:.$i.:.. ?,e fPLorine atozs foz.ed i n  t h e  photochenical decocnosition of F2,nust 
-----..-. I__.. cor.siL2:&:3le t r zx la t i onzd  e n e r a  s izce  t z e r e  tire no accessible e lec t ronic  
;;z:es. ZI's s o r t i o n  of t h i s  t r z x l a t l o n o l  mer&:, is converted t o  in te rna l  energy 

, 
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Figure 1. First-Order Plot of C1F Decomposition Data at 293 C 5 
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Figure 2. Arrheniue Plot 
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Chlorine Fentafluaride 

T q D  OC 

252.2 
252.2 

, 252.2 
252.2 

268.5 

279.4 
279.4 

283.0 

287.4 
288.2 
281.4 
W-6 
291.8 
291.5 
293.0 
293: 0 
293.3 
293.0 
293.5 
293.0 
*.O 

3m. 5 
306.8 
307.0 
307.5 

263.2 

7, -c 

28.9 
113.0 
WA.5 
449.0 
196.8 

36-2 
115.3 

23.6 
36.3 

28.4 
40.4 
42.4 
55.0 

11.9 
28-1 
11.6 
1b.6 
3a.4 
38.4 
41.7 
62.8 
81.3 

70% 
9-16 

11-93 
12-9 

-1 
kl, sec 

0.00292 
0.00300 
0.00213 
0.00246 

0.00803 

0.0170 
0.0158 

0.0250 
0.0252 

0.0357 
0.041 j 
0.0398 
0**59 

0.0360 
0.0413 
0.0391 
0.0394 
0.0408 
0.0432 
O.OJ&? 
0.0476 
0 . W  

0.0959 

0.123 
0.109 

0.115 

A -1. kl , sec 

0.00260 

0.00803 

0.0164 

0.0251 

0.0385 

0.0417 

, 

0.113 


